A body embedded in a plasma and exposed to sunlight acquires an electrostatic potential that depends on the photons, surface material and ambient plasma conditions. In the near-earth space a sunlit surface will normally charge to a positive potential. The adverse effects of this charge accumulation on spacecraft are known since long (I/. Under unfavorable conditions in the earth-shadow, the surface potential of a satellite may acquire several kilovolts negative. If some parts of its surface are non-conductive, electrostatic discharges may occur and result in anomalies, malfunction or the total loss of the spacecraft. It is not only such high potentials that are of concern. On scientific spacecraft, usually designed to prevent high potentials, potentials only a few volts above the ambient plasma may disturb the low-energy particle and electric field measurements. Although kfiown and understood since long, no countermeasure has been taken yet. This was mainly due to the lack of small and light-weight ion emitters. Positive. charges must be emitted to neutralize the potential acquired' by a sunlit and conductive surface. The small and reliable liquid metal ion emitters open the possibility to build compact instruments that allow active potential control of spacecraft.
Liquid metal field ion sources (LMIS) have found applications in a number
of new technologies, e.g. ion beam lithography, microfabrication and microanalysis /2,3/. In most of these applications the extremely high beam brightness of this source type is used to produce ion .beams with high current densities and small spot diameters (down to a few tens of nanometers /4/).
Another intrinsic capability of the LMIS is its high charge efficiency aria its capability to produce ions directly from the The missions where charge control ion guns are foreseen to be flown require an ion beam of the order of 10 p?k for a total emission lifetime of about 10.000 h. Power and weight limitations dictate that the total secondary power consumption is < 1 W and the weight be less than about 1.5 kg, including electronics. Less than 350 g are left for the source itself. Gallium and Indium LMIS have been under consideration. Indium was chosen because of its relative insensitivity towards oxidation and atmospheric exposure and because of a melting point (1570C) which is above the temperature range which is expected to prevail on a spacecraft in near earth orbit (-10/+40 OC). The melting points of 30% and 280C for Gallium and Caesium respectively yield design problems as they do not allow for collective HV-control. Caesium in addition has a high vapor pressure and its contamination layers are heavily photoemissive, an effect which would counteract charge control.
Indirectly heated emitter module
Redundancy considerations require that the total useful lifetime of the charge control unit be divided equally among a number of independent individual ion emitters. Thus, a single module of 5000 h design lifetime at typ. 10 pA emission current contains five individual emitters of 1000 h lifetime each. The emitters are switched on sequentially and emit one at a time until exhaustion of charge material. A schematic view of a five-needle emitter module is shown in Fig. 2 . The emitter units are mounted in a structtired slab of extremely low heat conductivity ceramics. The emitter units can be individually heated by resistive heating elements which are connected to ground potential and electrically isolated from the emitter tip potential (indirect heating). A common grounded electrode with five extractor apertures extracts ions from the heated tip. A two-electrode, multi-apertured focusing system forms an external beam of nominally 300 total aperture. The central electrode of this focusing system is at tip potential so that no extra power supply is required. The outer casing of the cylindrical module is at spacecraft ground.
~i g . 2 Schematic view of the focused indium liquid metal ion source array with 5 indirectly heated emitters
The indivddual emitter units (see Fig. 3 ) are of the well known "needle in reservoir" type. A tungsten needle with 10 pm tip radius is mounted in a reservoir containing 16 mm3 (0.12 g) of Indium. The tip/reservoir unit is vacuum-brazed to a high-purity alumina tube and hermetically closed at the top end. A miniature resistive heating element with a high positive temperature coefficient of resistivity is bonded into the tube. Thus, the heater temperature can be determined from the heater resistance and temperature stabilization of the tip under varying external conditions is possible. The emitter element is 4 mm in diameter and 17 mm in length with a total weight of 9.7 g.
Fig. 3 Individual ion emitter unit with focusing lens
The design of the emitter element itself and the ceramic support slab that accommodates all elements (see Fig. 2 ) has been optimized for minimum heat consumption. The electrical insulation between the heater and the tip causes a temperature drop between the heater element and its Indium-reservoir but it also drastically simplifies the control electronics. Fig. 4 shows the dependence of heater and tip temperature on heater power. Thermal modeling shows that for a 220°C tip temperature, about 60% of the heat is lost by radiation from the reservoir, -10% by radiation from the rear end of the heater, -15% by heat conduction through the heater wires and, finally, 15% by heat conduction through the slab.
The emitters can be exposed to atmosphere for a few days. After exposure they typically start at a firing voltage of 6.5 kV and a heater power of about 0.62 W. A burnt-in source requires a heater power of about 0.44 W. Other tests have proven that such a source can be operated in a pulsed mode with 100% current modulation and 100 ns pulse length /6/. Tab.1 lists the typical steady state operating characteristics. 
